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(71) We, AvESTA Jernverks Aktce- 
bolajCJ, a ^wediish Jodnt-^todc Qjmpany, of 
Avesta, Sweden, do hereby declare the inven- 
tion, for which we pray that a {>al3ent may be 

5 giranted to us, and the method by which it is 
to be perfonned, to be particuiarly described 
in and by the following statemenit: — . 

Thiis invention relates to a welding; elec- 
trode for electric arc welding. 

10 Certain tj^pes of stainless steels particur- 
liarly steels wdtth a ferrite-marcensitac^ femite- 
martensite-austenitic or niairten!»^te-au:stenitic 
strudture, obtain high m)echamcal streng:th 
characteristics, partly owing to ttheir chemical 

15 composition anti partly by the heat treatment 
tih^ undergo prior to >bdi^ used. Austenddc 
stainless steels in a heat-treated condition, on 
the other hand^ have a low yieki' limilt;^ but 
they may be given a higiher yield! Jimdt and 

20 ultimate strength values by cold work, e«g. 
by stretchii^. 

In welding stainless steels one aims at 
obtaining a weld metal with a chemical coin^ 
position and characteristics wMch correspond 

25 to those of steel both from a corrosion view- 
point and other Viewpoints. If one weldls 
ferrite-martensitic, fenite-martensitei-austemtic 
or martensitie-aiistemtic stjeels with electrode 
having an analysis ideaitical to llhat of the 

30 steel , the melted weld metal in an unarmealed 
conditipn wS'll have a high yield limit and 
ultimate strength but, on the other hand*, a 
very insignificant elongation and impoidt value. 
By a suibsequent heat treatment the elongiation! 

35 and impact value of the weld mietal may be 
improved; however it has been very difficult 



to reach full contforouty to the properties 
of the sJceel. 

As regardls weldii^, the elongation value of 
the wdd! metal may be regarded as a gauge 40 
of the weld's cracking resistance. When weld- 
ing £s carried out with electrodes which de- 
posit a weld mietal with too low elongation 
values the risk of contractlan cracks in the 
weld is gieat. When welding femtte-marten- 45 
siiic, ferTite-ntiartensite-auistemtic or marten- 
site^ustenitic steel with the coircspondliE^ 
electrodes one has therefore normally applied 
a method which implies both the pre-heatLng 
of the basic material and the stress-relieving 50 
of tIsBe welded structure in order to redtice 
the ri^ of cradcs. 

In,, addition to high strength certein new 
f erritestnartensdite-austsenitic steel also possesses 
an iinpmved weldabiliTy, wMch means that 55 
pre-heating has be applied very seldom. 
As an examjple one may mention that a steel 
with a low carbon content of the type 16% 
by weight chromium, 5% by vrai^t nickel 
and 1% by weight molybdenum which after ^0 
a double heat treatment obtains yield limit 
values over 80 kp/rmn=^, an elongation of 
about 20% and an fLmpact value over 7 kpm/ 
cm^. In weldir^ this steel with previously 
known electrodes it lias iK>t been possible to 65 
cfbtain a weld- metal which in an unannealed 
ccMicfition possesses the conteponding valties. 
On the other hand tte characceristics of the 
weld metal could be improved by a suiitable 
heat treatment so that they on the whole 70 
correspond to those of the. steel. 

According to the present invention it is 



1,248,985 



2 



possible wdthout subsequent heat treatment tx> 
obtjain. a weld! metal with a high yield limit 
and ultdmate stremgth in condmiation . with 
very good eloiigation and' impact value by 

5 using ap eJectrode wMch deposits a weld 
metal having the following composdtion, by 
weight; Q.01— 0.05% carbon, 0.1— 0.9% 
siMcon, 0.5—4.5% manganese^ 15,0—18.0% 
chromium, 4.5—7.5% nickel, 0.2—2.5%, 

10 molybdenum, 0.02 — 0.12% nitrogen and 



0.2 — 3.5% tungsten the remainder being iron 
apart frcm. unavoidable impuriries. The con- 
tenrt of undesirable impurities, such as sul- 
phvtr, phosphorus;, copi>er, lead, etc. shall be 
as low. as possible. 15 

The alloying constituents of the weld metal 
are adapted mutuality in such a way that ifhe 
following two equations with the chromium 
equivalent (Cr^) and the rrickefl equivalent 
(Nie) are satisfied: 20 



Equation 1: Cr^+'Nie=^26.0 and ^32.0 
Equation 2: 1.4 X Cr^— Nii,=^15.5 and i^20.0 
where Or, = % Cr + % Si + % .Mo + Q.5 X % W; and 
Ni^=% Ni + 0.5 X % Mn + 30 (%. C+ % N - 0.03). 



25 A welding electrode which satisfies the pre- 
requisites indicated above deposits a weld 
metal with a suructure composed of femte, 
maxtensite and austemte. If th^ three struc- 
ture elements are balanced- against each other 

30 the weld metal^ without subsequent heat treat- 
nntent, obtains yield Mmit values of about 60 
kp/nmi^ and ultimate sJtrengdi values of 
about 82 kp/mm^ while at tihe same time as 
the elongation is about 30% and the impact 

35 value over 10 kpm/cm'* at room tempera- 
tiire. In addition one obt^Li^ a lowered tran- 
• sition tempeitature^ so tthjat the weld metal 
still at — 70°C possesses impact valites over 
6 kpm/cm^ and at temperatures about -^100 

40 to — 110°C meets the impact value require- 
ments which are normally specified for vessels 

. .. under pressure. 

The addition of tungsten to austenitic 
stainless electrodes is known although the ^ect 

45 achieved has not been described in greater 
detail. In the preseblt invention itungsten acts 
as a kind of niodulatar which in comfodnation 
with nickel, mai^;anese and nitrogen gives 
the desired balance to the rati"o betweein the 

50 martensite part and the ferrite plus austenite 
parts. According too the present invwition the 
martensite part of the weld structure shall lie 
between 5 and .50% and the ferrite plus 
austenite parts between 50 and 95%. 

55 Consequently the present invention relates 
to an eleocrode or a iiJler for joint-welding 
or built-up welding stainless steels^, particu- 
larly steel with a ferrite-martensite-austenitic 
structure, e.g. steel of type 16% by weight 

60 Cr — 5 % by weight Ni— liyo by weight Mo, 
as wefll as steel of a ferrite-martensitic or 
raartensite-austenitic structure, e.g. steel of 
type 12^14% by weight Cr, 0—3% by 
weight Nd and 0—2% by weigjit Mo. In the 

65 process of wdddi^ with electrodes acoording 
to the present invention the weld meltal in 
itself does not require any heat treatment 
after the weldipg in order to achieve masd- 
mum toughness. ..In- . certain cases, on the 

70 cither hand, the basic material may require 
stress-relieving in order to dimimte welding 
stresses or in order to level out the hardness 
tops which the latter types of steel show in 



heat-affected zones close to the weld. With 
the electrode descrfbed ait is ailso possible 75 
to carry otit stress-relieving within the tem- 
perature range 550 — 700°C without causing 
the strength valvKs of the weld metal to de- 
crease to any great extaite. 

In addition, the electrode is suitable for 80 
welding certain austenitic stainless steels^ pro- 
vided that the corrosion conditions to which 
the welded object is subjected, suit the weld 
metal of the edectrodc; The electrode is par- 
ticularly suited for j oint welding stainless 85 
steieils of identical or almost identical com- 
position containing at least 13% b«y weight 
chroitiiumt, and 3.5% by weightc nickel; they 
are then merged by means of arc welding and 
melting of a coated or an imooated electrode. 90 

By hardfadng or deposit welding the elec- 
trode is also very suitable for coating a sur- 
face on work-pieoes of tmaUoyed^ (low-alloyied 
or stainless steels; the hardfacir^ then takes 
place with coatdd or uncoated electrode of 95 
tlhe invenftion. 

•The weldir^ electrode according to the 
present inventixyn may be tniaffp- in the shape 
of coated electrodes or imcoated wire for 
melting in an inert protjecrive gas atmosphere 100 
or under a protective blanket of granulated 
welding powder, so-called flux. The bare wire 
in its Itum may be homc^eneous or so-called 
pipewSre. 

The covering of coated manual-welding: 105 
eleiGCfodes consists otf fluxing matetiia4 arc- 
stabilizing^ deoxidizing and alloying elements 
as well as some plasticizer for making the 
substance ductile. The compositioii of tlie 
covering may be varied and may have a 110 
lime-basic^ rutile-basic or rutile-acid char- 
acter all according to the weldipg properties 
desired. It is essential for this embodiment 
within the scope of the invention that the 
covering should contlain a certain amoimt of 115 
one or several of the following alloying 
element^ : chromiunv nickel, molybdenum, 
tungsten, nmt^anese, silicon and nitrogen, 
pardy in order to compensate Ithe loss by 
burning which normally occurs in conaecriott 120 
with the transport of material through the 
arc and partly in order to provide the weld 
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widi tfet patt of the alloying dements which shaU oomfonn as nearly as possible to the 

possibly for practical reasons has not. bfen.,^ d^ed w^ld analysis and in the latter case be lo 

alloyed into the core wire. adapted to' the composition of the wielding 

According to the second eiid)odinient, i.e. powder, 
an iinicoated= fiUer wire for meltii^ in an inert Examples, .of some diff erendy coated elec- 

protective gas or under a protection blanket trodes and t$ieir cteracteristics are given be- 

of granulated! wdddng powder, the composi- low in Tables I and. II: . 15 
don of the wire on the case mentioned first ■ - _ . = 



Table I — Chernical Analysis 

Electrode 



' Element 


B 


C 




E 




Carbon weight % 


0.026 


0.029 


0.028 


0-028 


0.024 


Silicon weight % ' 


0.74 


0,68 


0-54 


0.64 


0.38 


Manganese weight %' 


2.42 


3.40 


2.72 


3.32 


3;14 


Chromium weight % 


16.6 


16.3 


16.1 


17.1 


15.9 


Nickel weight % 


5.6 


6.1 


7.0 


5.9 


6.2 


Molybdenum weight % 


1.16 . 


1.45 


1.72 


1 .09 


1.29 


: Nitrogen weight % 


O.iOl 


0.082 


0.060 


0.p99 


0.097 


Tungsten wdght % 


2.98 


2.80 


2.44 


3.08 


2.97 


Chromiimi equivalent 


20.0 


19.8 


10.6 


2Q.4 


19.1 


Nickel equivalent 


9.7. 


10.2 


10.1 


10.5 


9.5 


Value according to equation 1 


29,7 


30.0 


29.7 


30.9 


27.6 


Value according to equation 2 


18.3 


17.5 


17.3 


18.1 


17.2 



The chemical analysis has been made in the chemical analysis of that port of tte 

the manner presctibed dn different standarcfc^ weld whidh is further than 10 mm from the 

e.g. DIN 8556, Blattt: 2 (Deutsche Industrie pilate. In doing so the effect of the basic 

20 Normen), i.e. one niakes a weld on plate material is eliminated. 25 
with a great monber of beads and determines 
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Tabi-e II — Characteristics of strength 

Electrode 



Qiaracteristics 


B 


c 


D 


E 


Fl 


F2 


Yield limit, a 0.2, kp/mm® 


59 


57 


57 


61 


60 


59 


Ultimate strength, kp/mm* 


77 


76 


77 . 


80 


80.5 


80.5 


Elongation, % 5 x d 


27 


30 


29 


30 


31 


32 


Contraction % 


34 


45 


.48 


41 


49 


50 


Impact value, Charpy V 














kpm/cm* + 20 "C 


10.5 


9j7 


9.2 


10.9 


11.8 


11.0 


kpm/cm^ — TO^C 










V 6.7 


4.5 


Test condition un- 

annealed 


un- 
anhealed 


un- 
anneal'ed 


un- 
annealed 


. un- 
annealed 


heat 
treated 



10 



15 
30 



35 



40 



45 



The values indacated above represenit 
average of several tests. The weQdiing tests 
have been earned out with a coiated dectrodfe 
in the manner prescribed in I>IN 1913, Blatt 
2. For the all-wdded tensile t«ts^ test speci- 
mens of type 10G50 acoordmg to SIS 1121 
13 (SIS —The Swedish Standard A^odation) 
and fbr the impact tests Charpy Vr/aotch speci- 
men accordii^ to SIS 1123 51 have been used. 
The F2 test indacated above is heat-treated 
at 600° C with subseqtient air-cod^lnng. 

WHAT WE CLAIM IS: — 

1. A welding ekctnxie for electric arc 
welding intended for jodtlt wedding aixd btdlt- 



up elding sftaindess steefe, particuliarly steels 
with a f errite-martensitic, fertdte-marcensite- 
austeniiii: or martjemite-austenitic structure, 
chaiacteidzed in that the electroide deposks 
a wdd metal havii^ the foHowingf cdmposdtioni 
by weight: 0.01-^.05% carbon, a 1—0.9% 
silicon, 6.5 — 4.5% niadganes^ il 5. 0^^^1(8.0% 
molybdenum^ 0.02^.12% nitrogen, and 
0.2 — -3^5% tungsten, the remainder being iron 
apart from una-voidable impumties, the alloy- 
ing coiistitueiks being it^^ in 
such a way that the following two equations 
with the chroimitim eqtdvu^ (Cre) and the 
nic±^* eqmv^itent (Nie) iare satisfied: ' 



Equation 1: Cr^+Nie— ^26.0 and :^32.0 
Equation 2t 1.4 X Cre—Nie-^ 15. 0^20.0 
where Cfe = '% Cr + % Mo(+' '% Si + 0.5 x 1% Wj md 
Ni^ = % Ni + 0.5 ;X % Mn + 30 (% C+ %\N - 0.03); 



as a result the microstructure of the weld 
melcal in a welded or 'Keat treated condition 
contains marten site, ferrite an d austen ite of 
such a composition that the maitensite pmrt 
Kes between 5 and 50% and the fertite plus 
austenite parts between 50 and 95%;. 

2. A welding eledtrode according to Claim 
1 substantiallly as herein described, 

3. A process of merging stainless steels 
of identical or almost identical compositioni, 
containing at least 13% chromium and 3.5% 
nickel, characterized in that they are merged 
by means of arc weMing and melting of a 



m 



coated <n: iii^^ eleorode as claimed 
Claim 1 or claim 2. 

4. A process df coating a surface of work- 
pieces of unaHoyed, low-allbyed or stainless 
steels by means of hardlfacing or deposit 
welding, characterized in that the hardfacdng 
is carried out with a coated or an uncoated 
electrode as claimed in Claim 1 or Claim 2. 
For the Applicant: 
LLOYD WISE, BOULY & HAIGH, 
Chartered Patent Agents. 
Norman House, 
105 — 109 Strand, London, W.C.2. 
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